The present work investigates how a fallow deer (Dama dama) population in central Italy might have been affected from 1984 to 2003 by the increase of human access to the study site, where humans were the main deer predators. By using deer census data, possible correlations were analyzed between the increase in human presence and the response of each age and sex class. The numbers of different age and sex classes of deer recorded inside and outside the sector affected by human presence throughout the 20-year period of study were compared. A differential response was recorded among classes. Adult females and juveniles left this area (reducing their presence from 37% of all deer observed to 11% for adult females and from 19% to 3% for juveniles) when human pressure became higher, whereas the opposite result was true for males older than 24 months (adult males) that remained inside the disturbed sector (from 27% to 50% of deer observed). Intermediate values were recorded for yearling males, because they can be associated with both groups of females and groups of males. Results of this long-term study are best explained with the reproductive strategy hypothesis, because the increase of predation risk evoked a marked spatial sexual segregation in the fallow deer population. Females and juveniles used relatively predator-safe habitats, whereas males used habitats with higher predation risk but better food quality. Furthermore, as females increased their presence outside the disturbed sector, males gradually abandoned the undisturbed area, increased use of the disturbed sector, and maximized foraging opportunities by going to areas where indirect competition with females was probably reduced.
ungulates with their fawns were more easily disturbed than were males (Bullock et al. 1993; Del Thompson 1989; Horejsi 1981; Langbein and Putman 1992; McLaren and Green 1985; Vandenheede and Bouissou 1993) . Sexual differences in predation risk have received widespread attention (Gross 1998; Main 1998; , in agreement with the reproductive strategy hypothesis ; referred to as predation risk hypothesis by Ruckstuhl and Neuhaus [2000] ), which predicts that females will use relatively predator-safe habitats, whereas males are predicted to use those with higher predation risk but better food quality.
In our study site, areas characterized by intense predation risk correspond to areas affected by intense human disturbance, because human-induced mortality is the most important cause of death in this fallow deer population. The study area is subdivided into 2 sectors, the eastern one characterized by human disturbance, and the western sector where human presence is considerably limited.
It is important to clearly distinguish between predation risk and predation rate (Hill and Dunbar 1998) . As pointed out by Hill and Dunbar (1998) , predation rate is the annual mortality within a population directly attributable to predation (e.g., deer shot by game wardens in our study), whereas predation risk represents the animal's own perception of the likelihood of being subject to an attack by a predator, irrespective of whether or not the attack is successful.
In the present work, we test whether and how fallow deer respond to changing degrees of human pressure. This is possible because from 1984 to 2003 the number of people entering the eastern sector of the study area markedly increased, as recorded daily by gamekeepers watching the 2 main entrances to the area.
MATERIALS AND METHODS
Study area.-The study was carried out in the San Rossore Estate in central Italy (438439N, 108199E) . The 4,650-ha study area lies on the Tyrrhenian Sea coast, west of Pisa, Italy. Bounded by the Serchio River to the north, the Arno River to the south, the Tyrrhenian Sea to the west, and fenced in on the east, it is characterized by a subMediterranean climate (mild winters and warm, dry summers), and a plains orography.
Although previous studies performed in the estate considered 10 different types of vegetation cover (for instance, see Ciuti et al. 2004) , we divided the habitat in the study area into 14 new categories. On the basis of 1:10,000 aerial photographs and data collected by the botanical staff of the San Rossore Estate, habitat types were mapped into a geographic information system by using MapInfo Professional 5.0 (MapInfo Corporation, Troy, New York), and a new 1:10,000 digitized vegetation map of the study site was generated. The categories were maritime pine woods (Pinus pinaster), 335 ha; domestic pine woods (Pinus pinea), 1,117 ha; deciduous woods (Quercus robur, Fraxinus, Populus alba, and Carpinus betulus) without domestic pines, 741 ha, or deciduous woods with some domestic pines, 68 ha; oaks (Quercus ilex) without domestic pines, 7 ha, or oaks with domestic pines, 67 ha; frequently flooded wet deciduous woods (Alnus glutinosa, Fraxinus, and Populus alba), 323 ha, or wet deciduous woods with some sporadic pine woods, 65 ha; marshes (Carex, Phragmites australis, and Juncus), 245 ha, or marshes with young woods (Prunus spinosa and Fraxinus), 85 ha; meadows, 360 ha, or meadows with young plantations of oak (Quercus robur), 38 ha; degraded coastal zone (Pinus pinaster and Ammophila arenaria), 65 ha; and dune vegetation (with prevalence of Ammophila arenaria and Helichrysum stoechas), 188 ha. The remaining 946 ha are fenced agricultural areas not available to the deer. The number of landscape fragments for all 14 typologies (466 fragments) supports the observation that there is a nonuniform distribution of resources in this environment. This diversity is confirmed by a Shannon index value of 3.04 (maximum possible value ¼ 3.80- Krebs 1989) . Mixed deciduous forest and domestic pine are more represented and fragmented throughout the study area.
Management of the estate has progressively changed during the last 20 years. In the 1980s, the estate was closed to the public during the week, and only designated areas, localized in the eastern sector (549.5 ha), were open on Sundays. However, since 1984, during the week the eastern side of the estate has been characterized by human disturbance caused by the presence of farmers, workmen, and horse riders at the 2 entrances to the estate, in the 2 inhabited areas, and traveling on the main road (Fig. 1) . Human disturbance increased gradually in the early 1990s. In particular, in 1995 the administration of the estate was completely changed, when the San Rossore Estate was given by the Italian National Government to the Tuscany Regional Government. Consequently, the number of people having access to the eastern sector of the estate notably increased, because tourists were allowed into 2 new visitors' buildings and into areas of the eastern sector on Wednesdays, Saturdays, and Sundays.
In contrast, the western sector (2,639.5 ha) was definitely less affected by human activity, because people were never allowed in this side of the estate, with the exception of game wardens and workmen during culling and capture activities, and foresters managing woods.
Landscape composition remained constant throughout the monitored period, as evaluated by analyses of aerial photographs and vegetation maps of the study site available for many years throughout the 20 years of study. Only a 100-ha-wide area near the Arno River mouth was modified during the early 1980s, when a shrub area was converted to an open pasture.
The fallow deer population probably originated during the 15th century, or, at the latest, by the beginning of the 18th century. Historical notes report that the first fallow deer was introduced from the island of Sardinia in 1362 in the province of Pisa. Precise reports on the presence of fallow deer in the San Rossore Estate date from the 1700. Large predators were absent, and the wild boar (Sus scrofa) was the only other wild ungulate.
Fallow deer suffer high human predation pressure. Following annual management plans, yearly trapping activities involving people beating the brush to flush out deer over hundreds of hectares resulted in the capture of 100-300 deer per drive, when successful. During autumn and winter these drives were performed by game wardens and workmen, who pushed animals inside fenced capture sites. During these activities (twice per month) many deer avoided capture.
Deer also were shot in open habitats and in woods by game keepers everywhere in the study site by using all the small secondary roads homogeneously distributed throughout the estate. The relative percentage of deer removed with the 2 methods was variable each year. However, both methods were used in all years. These activities were conducted everywhere on the estate, with drives from November to February and culling from September to March. In past decades deer also were hunted with dogs.
The predation rate definitely was homogeneously distributed across the estate, especially during autumn and winter. Because this intensive culling and capture program was present during the period of study, it is reasonable to assume that all deer on the estate associated any human as a possible predator, whereas predation risk is strongly perceived in the eastern sector, where humans are continuously present (every day of the year). From 1984 to 2003 spring density of deer counted within the study area averaged 29.0 deer/100 ha (SD ¼ 5.5 deer/100 ha).
Data collection and analysis.-The present study is based on observations carried out during spring censuses of the fallow deer population from 1984 to 2003, only in the south-central part of the San Rossore Estate between the Arno and the Morto rivers (Fig. 1) . The eastern sector of the estate proved to be richer in food availability because of the presence of large pasture (35%) and rich deciduous woods (44%- Ciuti et al. 2004; Davini et al. 2004 ; Table 1 ). The disturbed area contains most habitat types selected by deer for foraging (Apollonio et al. 1998; Bruno and Apollonio 1991) .
Moreover, the disturbed area proved to be more homogeneous and less fragmented (a low number of fragments with high trophic availability; Shannon index value ¼ 1.86) than the western, undisturbed sector of the estate (a large number of fragments also with a large percentage of habitat lacking in trophic resources; Shannon index ¼ 2.90).
The census took place each year in the first 15 days of April when deer were counted simultaneously from high seats in pasture and other open areas; counts were repeated for 2 days at dawn and dusk.
Each 2-h session was carried out by expert observers using 10 Â 50 binoculars and 25 Â 60 or 40 Â 60 telescopes. From 1984 to 2003 a total of 38,956 fallow deer were counted during 80 sessions (40 at dawn and 40 at dusk) from 33 different observation points (Fig. 1) . The same 19 observation points were used throughout the monitored period in this study (5 inside and 14 outside the disturbed area, in proportion to the area of the sectors). There were observation points (1 inside and 13 outside the disturbed sector) used from 1984 to 1989 (4 in 1984-1985, 6 in 1986-1987, 5 in 1988, and 6 in 1989) in areas that were progressively fenced in the same time intervals and subsequently were unavailable to deer. These observations points were therefore not used during the last 14 years.
Following Chapman and Chapman (1997) , we used the following age and sex classes for fallow deer: adult females (older than 12 months), juveniles or fawns (males and females younger than 12 months), yearling males or prickets (males aged between 12 and 24 months), sores or small males (males aged between 25 and 48 months), and bucks or large males (males older than 48 months). Sores (small males) are considered socially immature (but they are in fact sexually mature) because they typically do not have the size and experience to win fights with older, larger, and more experienced bucks (large males). Sex of juveniles was not considered in our analyses, and males older than 24 months (small and large males ¼ adult males) were evaluated together because field observations may be biased for deer of these age and sex classes. Additional data regarding position and movement direction of each single deer or group and time of observation were collected. Consequently, after every session, both at dawn and dusk, observers at each observation point verified all counts of deer excluding multiple counting between adjacent observation sites. Moreover, more than 600 fallow deer (106 adult females, 79 yearling males, 48 sores, 263 bucks, and 118 juveniles) were individually recognizable by numbered and colored ear tags during the period of study, because we marked the animals during every winter capture session. Also during the last 8 years, 40 adult females and 36 bucks were individually identifiable because they were fitted with radiocollars. We evaluated the minimum underestimate in enumerating fallow deer by using data from censuses in 2 consecutive years and considering annual culls done in intervening years. This underestimate had an average value of 43% and was used to correct crude data. In our analyses, observations carried out at dawn and dusk were evaluated separately. For each observation point and sector (disturbed or undisturbed), we considered percentage of adult females, juveniles, yearling males, and males older than 24 months (adult males) observed. Observations performed inside and outside the area affected by human activity were evaluated separately.
We also evaluated actual number of adult females and adult males observed outside and inside the disturbed sector throughout the monitored period. In this analysis, we considered only data collected at the 19 observations points used over the whole monitoring period (5 inside and 14 outside the disturbed sector) so that actual counts (but not percentage values) were not influenced by the number of observation points.
We also considered all tourists, farmers, and workmen having access during April from 1984 to 2003 to the eastern sector of the estate. These data were collected by game keepers watching the 2 entrances to the estate.
We used SPSS 8.0 program (SPSS Inc., Chicago, Illinois) for statistical analyses. Differences between observations of each age or sex class carried out inside and outside the disturbed sector were evaluated with the Mann-Whitney U-test, considering 4 time intervals (1984-1988, 1989-1993, 1994-1998, and 1999-2003) , because the data were not normally distributed (Sokal and Rohlf 1995) . Trends of percentages and actual counts of each age and sex class observed inside and outside the disturbed sector at dawn and dusk were analyzed by using linear regression analysis (d.f. ¼ 18, b ¼ standardized coefficient of the model).
One of the assumptions of regression analysis is that residuals for consecutive observations are uncorrelated. To avoid this source of bias (Bence 1995) , we performed regression analysis examining for possible autocorrelation. In particular, we evaluated the DurbinWatson statistic (D). We used the following ranges of acceptance and rejection of the null hypothesis (H 0 ): 0 , D , 1.201 (H 0 rejected, positive autocorrelation), 1.201 , D , 1.411 (H 0 neither acceptable or rejectable), 1.411 , D , 2.589 (H 0 accepted, no autocorrelationSavin and White 1977). Therefore, we report only linear regression results when the null hypothesis was acceptable or not rejectable.
Spearman correlation coefficient (r s ) was used to find possible correlations between different age and sex classes observed inside and outside the disturbed eastern sector and between the number of people having access to the estate and the presence of each age or sex class in areas affected by their presence. In all tests significance was set at P 0.05.
To evaluate differences between the flow of mature deer of the two sexes toward and away from the disturbed eastern sector, a relative flow index (I f ) was calculated as where F corresponds to percentages of adult females and M to adult males observed outside (out) and inside (in) the eastern disturbed sector. The index was compared between each year (t) and the subsequent one (t þ 1). In this way, if I f . 1 then the flow of females out of the disturbed sector is higher than flow of males into the disturbed sector. If I f , 1 then the flow of males into the disturbed sector was higher than flow of females out of the disturbed sector. Average index was calculated for each of the 4 time intervals (1984-1988, 1989-1993, 1994-1998, and 1999-2003) . The procedures used in this work were in accordance with all relevant Italian wildlife and animal welfare legislation. We also followed guidelines of the American Society of Mammalogists (http:// www.mammalogy.org/committees/index.asp) in our procedures.
RESULTS
Percentages of deer inside and outside disturbed sector.-During spring censuses between 1984 and 2003, distribution of females changed progressively in both sectors throughout the monitored period (Fig. 2) (Table  2) were comparable from 1984 to 1988, both at dawn and dusk. In contrast, percentages of females observed inside the disturbed sector during the following years were lower than those recorded in the undisturbed sector, both at dawn and dusk. This change was slight in 1989-1993, then it was clearly more significant during the following years, both at dawn and dusk (Table 2) .
Values recorded for juveniles were similar to those recorded for females (Fig. 2) (Table 2) were comparable from 1984 to 1988, both at dawn and dusk, their presences in the disturbed sector during the following years were lower that those recorded in the undisturbed sector, both at dawn and dusk.
In contrast, percentages of males older than 24 months (adult males) increased progressively in the disturbed sector (Fig. 2) , both at dawn (r 2 ¼ 0.425, b ¼ 0.652, P ¼ 0.002) and dusk (r 2 ¼ 0.397, b ¼ 0.630, P ¼ 0.003), consequently decreasing outside (dawn: r 2 ¼ 0.431, b ¼ À0.656, P ¼ 0.002; dusk: r 2 ¼ 0.643, b ¼ À0.802, P , 0.001). However, the presence of adult males in the disturbed sector was higher than those recorded in the undisturbed areas of the estate throughout all the period of study both at dawn and dusk (Table 2) .
Presence of yearling males inside and outside the disturbed sector was comparable during the first 5 years of study (Fig. 2) . In fact, percentages of yearling males observed in the 2 sectors (Table 2) were comparable from 1984 to 1988, both at dawn and dusk, and from 1989 to 1993 at dusk. In contrast, percentages of yearling males observed inside the disturbed sector were higher than those recorded outside from 1989 to 1993 at dawn, and during the following years both at dawn and dusk ( Presence of females and juveniles in the disturbed sector was negatively correlated with human presence both at dawn (females: r s ¼ À0.645, P ¼ 0.002 ; juveniles: r s ¼ À0.444, P ¼ 0.050) and dusk (females: r s ¼ À0.826, P , 0.001; juveniles: r s ¼ À0.524, P ¼ 0.018).
Opposite values were recorded for adult males, because their percentages in the disturbed sector were positively correlated with the increase in visitors throughout the monitored period both at dawn (r s ¼ 0.627, P ¼ 0.003) and dusk (r s ¼ 0.723, P , 0.001).
Even when the percentage of yearling males in the disturbed sector increased from 1984 to 2003, it was not correlated with the number of visitors having access to this area, either at dawn (r s ¼ 0.310, P ¼ 0.184) or dusk (r s ¼ 0.263, P ¼ 0.262).
Counts of mature age and sex classes outside and inside disturbed sector.-Number of females observed outside the disturbed sector (Fig. 4) Inside and outside flow of mature sex classes.-The relative flow index (I f ) was evaluated for each time interval considered (Fig. 6) . Only during the first 5 years (1984) (1985) (1986) (1987) (1988) was the increase in females outside the disturbed sector higher than that recorded for males inside that area (I f ¼ 1.85). It was opposite in 1989-1993 (I f ¼ 0.58), 1994-1998 (I f ¼ 0.50), and 1999-2003 (I f ¼ 0.79). There was a higher increase of males inside the disturbed sector than that recorded for females outside.
DISCUSSION
Fallow deer of different sex and age classes showed a significant and differential response to the increase in human presence in the eastern sector of our study site.
During the early 1980s the presence of adult females inside the disturbed sector was comparable to that elsewhere, with values only slightly lower than 50% of deer observed, whereas during the last years females abandoned these areas, because they were almost absent, with values around zero at dusk during 2003.
Values recorded for juveniles were in agreement with those found for adult females, because during April they remain with their mothers (Apollonio et al. 1998; Chapman and Chapman 1997) . It is to be noted that juveniles abandoned the eastern sector earlier than did females, in the middle and late 1990s. This result could be explained by previous findings for the same area by Ciuti et al. (2004) , which showed that, from 1997 to 2001, areas characterized by anthropic disturbance were significantly less used by pregnant females (and their juveniles) than by nonpregnant ones. Furthermore, females and juveniles were observed more often inside the disturbed sector at dawn compared to dusk. This result also could be explained by previous findings . Females usually reach the eastern sector during the night, when human disturbance is not present, and leave at dawn (affected by human presence during the day). This is why they were observed less often during spring censuses performed at dusk.
From 1984 to 2003 males older than 24 months remained inside the disturbed sector. As females abandoned these areas, adult males constituted approximately 75% of deer observed at dusk in 2003, wheres during the early 1980s the figure was about 25%. Apollonio et al. (1998) , at the same study site, found a high degree of association between females and juveniles and between adult males. However, yearling males associated with females or adult males. We also documented the same pattern in this study.
Yearling males remained inside the disturbed sector, but not as often as adult males. In sexually dimorphic ungulates, young males usually stay in groups of females for 1 to several years before they switch to groups of adult males (Festa-Bianchet 1991) . In groups of female, young males may enjoy reduced predation risk (detection and dilution effects ; Dehn 1990) .
The main effect of the increase in human flow is marked large-scale spatial sexual segregation, on the basis of the different between-sex use of the disturbed sector when human presence was greater. On this matter, segregation between sexes may mean living in separate groups (social segregation), using exclusive ranges (spatial segregation), or using different habitats (Bon 1998) . According to Bon and Campan (1996) , spatial segregation is the use of exclusive ranges regardless of substrate or habitat quality. Our results are best explained by the reproductive strategy hypothesis . This hypothesis predicts that polygynous male ungulates engage in foraging and behavioral patterns that maximize body condition before the rut, even when these behaviors increase the risk of predation. However, females opt for maximizing security of offspring as long as resource requirements are satisfied, even when security decisions conflict with optimal foraging behaviors (Main and Coblentz 1990) . The eastern sector of San Rossore is not only the most disturbed by humans, but it is richer in food availability because of the presence of large pastures and rich deciduous woods. The eastern sector also is characterized by a high predation risk. Nevertheless, adult and subadult male fallow deer used these areas. Evidently, the use by adult males of rich foraging areas free from intraspecific competition with females and juveniles (and a portion of yearling males) makes it worthwhile to tolerate high predation risk. Several studies of ruminants have concluded that males live in riskier habitats than females (Bleich et al. 1997; Jakimchuk et al. 1987; Main and Coblentz 1996; Miquelle et al. 1992; Villaret et al. 1997) .
It is interesting to note that where sexually dimorphic ungulates show distinct sexual segregation in areas where large predators are still present (Bleich et al. 1997; Corti and Shackleton 2002; Miquelle et al. 1992) , they also can show reduced sexual segregation when predators decrease (Kie and Bowyer 1999) , or show increased segregation if predation risk increases (present work). We think that the influence of human activities on a large temporal scale could drive sexual segregation, forcing the more vulnerable or sensitive sex into suboptimal habitats. In the present case, a change of management in a small sector of the San Rossore Estate caused significant changes in the geographical distribution of this fallow deer population.
Positive correlations between density of females and the degree of sexual segregation may support the hypothesis that foraging pressure by females influences sexual segregation by males. Clutton-Brock et al. (1987) reported this effect during a 11-year study of red deer (Cervus elaphus) where density of females increased because of cessation of culling. Are males forced to spatially segregate by indirect feeding competition or do males leave their ranges because they avoid females? As pointed out by Bon and Campan (1996) , in relation to population density, spatial segregation may be a consequence of indirect interactions between subpopulations of males and females. When space or feeding availabilities become reduced, individuals of one sex may be passively excluded or may actively avoid the areas previously shared, as in the case of dimorphic species where males may be at a disadvantage when grazing short grasses compared to females (Clutton-Brock et al. 1987; Illius and Gordon 1987) . This logic could be applied to the increase in the number of males in the eastern disturbed sector as a consequence of the increased number of females in the western sector.
Thus, the extent of sexual segregation may vary for a population in relation to local conditions. Additional support that males may maximize foraging opportunities by avoiding competition from groups of females may be provided by the observed improvement in physical condition of male African buffalos (Syncerus cafer) after segregating from herds of females and their offspring (Prins 1989) . As summarized in Fig. 6 , a 4-stage process could represent the evolution of sexual segregation in the last 20 years in the San Rossore fallow deer population.
Females responded to disturbance by humans (supporting the reproductive strategy hypothesis), and consequently males responded to the absence of females, supporting the indirect competition hypothesis, as suggested by Clutton-Brock et al. (1987) and , but rejected by Conradt et al. (2001) . This study emphasizes the importance of long-term data sets by demonstrating how the dynamics of sexual segregation in a fallow deer population changed over a 20-year period in response to perceived predation risks and intersexual competition for forage.
